Summary. Pouch young of wallabies presumed to be carrying diapausing blastocysts were removed from the teat for times varying between 24 and 96 h and then returned to the same teat. The mothers were monitored for termination of diapause and checked for births or oestrus. In this way we were able to determine the critical time required to reactivate the quiescent corpus luteum and diapausing blastocyst after withdrawal of the sucking stimulus. When pouch young were removed from the teat for 76\p=n-\96h the corpus luteum and blastocyst were reactivated, with birth and/or oestrus occurring in 10/11 animals. When pouch young were removed for 72 h or less (n = 22) reactivation did not take place.
Introduction
Female tammar wallabies, Macropus eugenii, like most macropodid marsupials, usually mate and conceive again less than 24 h post partum. The newly formed embryo develops for approximately 8 days, reaching an 80-100-cell blastocyst, but further development is inhibited if the newborn young has attached to one of the four teats in the pouch (Berger, 1966;  Tyndale-Biscoe & Renfree, 1987) . During the breeding season (February-May), accidental loss or removal of the pouch young leads to the reactivation of the quiescent blastocyst and subsequent birth in 75-87% of animals, while 13-21% fail to conceive at the previous post-partum oestrus and undergo an infertile cycle with a subsequent mating (Renfree & Tyndale-Biscoe, 1973) . Birth occurs 26-27 days after removal of pouch young and oestrus 1 day after that (Merchant, 1979;  Tyndale-Biscoe & Renfree, 1987) .
The proximate signal for this inhibition of blastocyst development comes from the small pouch young sucking on the teat, since denervation of the sucked mammary glands results in blastocyst reactivation (Renfree, 1979) . How the sucking stimulus inhibits blastocyst development is not fully understood, but it is assumed that the neural stimuli are acting via the hypothalamo-pituitary axis and ultimately to influence the corpus luteum and hence the blastocyst. The pituitary inhibition of blastocyst reactivation during lactation (Hearn, 1974) subsequent collapse and by failure of the endometrium to become secretory (Sharman & Berger, 1969) : ovariectomy or luteal excision before this stage blocks reactivation, and after this stage allows fetal development to full term (Tyndale-Biscoe, 1970; Young & Renfree, 1979) . When reacti¬ vation is stimulated by exogenous progesterone, which by-passes the corpus luteum, the fetus takes 3 days less to reach full term than after removal of pouch young, so it has been assumed that the corpus luteum takes 3 days to reactivate after sucking stimulus withdrawal (Renfree & Tyndale-Biscoe, 1973; Tyndale-Biscoe, 1979) . The first measurable signs of blastocyst reactivation are an increased uterine metabolism and an increased RNA metabolism of the blastocyst on Days 4 and 5 after removal of pouch young, respectively (Moore, 1978; Thornber et al, 1981; Shaw & Renfree, 1986) . During spontaneous reactivation the increased uterine metabolic activity (Shaw & Renfree, 1986) occurs before a tran¬ sient rise in peripheral progesterone concentration at around Day 5 after removal of pouch young (Hinds & Tyndale-Biscoe, 1982; Shaw & Renfree, 1984) . However, the time course of the changes between withdrawal of the sucking stimulus and the first signs of reactivation by the corpus luteum and uterus has not yet been defined. This paper aims to clarify the first of these points, that is the precise time for which the sucking stimulus must be withdrawn to reactivate the corpus luteum and, if present, the diapausing blastocyst.
Materials and Methods
All tammars were from a breeding colony maintained in outdoor enclosures at Monash University, Melbourne, Victoria, Australia. Forty-five adult females expected to have diapausing blastocysts which were also carrying similar aged pouch young (20-60 days, Groups l^t; or 20-40 days. Groups 5-9) were randomly assigned to 9 experimental groups of 5 animals. Each group was housed in separate small outdoor enclosures for the duration of the experiment and maintained as previously described (Renfree & Tyndale-Biscoe, 1978 (1984) . The antiserum 33/1-8 was raised in guinea-pigs against human prolactin. The standard and radioligand was NIADDK-oPrl-11 (AFP 4328C). The assay sensitivity was 0-28 ng/ml and interassay coefficients of variation were 8-5, 16-6 and 19-5% for 3 plasma pools containing 21-4, 1-4 and 0-74ng prolactin/ml respectively and intra-assay coefficient of variation was 6-5% (n = 12 Groups 1-4. Of 20 pouch young, 5 did not reattach to the teat. Of these 5 females, 4 had a pregnant cycle; the 5th had a non-pregnant cycle but did mate. In Groups 1-4, 15/20 pouch young successfully reattached: 9 pouch young were lost between the end of daily checking (Day 7) and Day 14 when animals were once again checked (effectively, second removal of pouch young). All subsequently gave birth or mated, but since the time of subsequent birth or mating was known, the estimated day of reactivation was found to correspond to the period when the animals were not checked (specifically for each animal this was Days 7, 8, 9,9, 10, 10, 11, 13 and 14 after first removal of pouch young), at least 1 week or more after the time of first removal of pouch young. Of the 6 remaining animals which had reattached young that stayed attached, 4 produced neonatal young at the start of the next breeding season, confirming they had been pregnant at the time of the Groups 5-9. Eighteen of 20 pouch young successfully reattached in Groups 5-8. In Group 5 all the pouch young were successfully reattached and reactivation did not occur until after 27 days after the second removal of pouch young, when 3 gave birth, and 2 had mating plugs only. Of the pouch young replaced after 72 h (Group 6), 2/5 reattached to the teat at the first attempt and the mother did not reactivate. Two of the remaining 3 animals reattached at the next attempt (76 h) and each of these females reactivated their diapausing embryo. Withdrawal of the sucking stimulus for 84 h or greater (Groups 7-9) resulted in reactivation in 12/14 of animals even though the young were successfully reattached in Groups 7 and 8. Of the females with pouch young attached for 76-96 h, 10/11 either gave birth or mated 27-30 days after the first removal of pouch young. Their reproductive system had therefore been released from the inhibitory effects of the sucking stimulus. This was not affected by continuation of the sucking stimulus after replacement of the pouch young 76 h or longer or by removal of the replaced young (second removal of pouch young) 25 days after first removal of pouch young. Thus, overall, of 45 animals, 37 animals were pregnant, mating alone was recorded in 5, and 3 had neither a mating nor a birth. These proportions are in accord with those of Renfree & Tyndale-Biscoe (1973) .
Plasma prolactin concentrations
We could not detect a marked or sustained response to removal of pouch young or pouch young replacement reflected in peripheral plasma prolactin concentrations. The mean concen¬ trations ( +s.e.m.) of plasma prolactin measured for Groups 1-4 ranged from 1-5 + 007 ng/ml to 1-88 + 014 ng/ml before removal of pouch young. In all groups there were small but variable changes of between 0-25 and 0-5 ng/ml in the prolactin concentrations in the samples taken 4 h after removal of pouch young and after pouch young replacement. In Groups 5-9 in many cases the plasma concentrations were around the limit of the assay sensitivity and, with an inter-assay variation of 16-6-19-5% for the range of concentrations measured, it is impossible to draw any conclusions from these results.
Discussion
This study demonstrates that the sucking stimulus must be absent for more than 72 h, but less than 76 h, after removal of the pouch young to allow the corpus luteum to escape from inhibition and initiate development of dormant blastocysts. This is only 1 day before the earliest changes can be measured in the uterine metabolism (Shaw & Renfree, 1986) and 2 days before the earliest change can be detected in the blastocyst (Moore, 1978; Thornber et al, 1981; Shaw & Renfree, 1986) or in the transient rises in the peripheral plasma concentrations of progesterone (Hinds & Tyndale-Biscoe, 1982) and oestradiol (Shaw & Renfree, 1984) .
Whilst the possibility that the presence of an unattached pouch young may in some way influence the maternal endocrine system cannot be completely discounted, reactivation occurred in the Group 6 animals in which the pouch young became detached but present in the pouch for an additional 4 h, confirming that it is the sucking stimulus itself which is important. This is in accord with the observations of Renfree (1979) Hinds, 1984) .
Since the sucking stimulus must be removed for at least 3 days for reactivation to occur, and the timing of births in response to both removal of pouch young and bromocriptine treatment are the same, it would appear that the influence of bromocriptine lasts more than 72 h. In rhesus monkeys, a single injection of 30 mg bromocriptine can suppress prolactin for at least 6 days (Schallenberger et al, 1981) . However, Tyndale-Biscoe et al (1986) suggest that the basal levels of prolactin may be unimportant, and that the inhibition of the corpus luteum may result from one or more transient pulses of prolactin which they observed at 'lights on'. There is some evidence that pulses of pro¬ lactin, which are loosely associated with dawn and/or dusk, depending on the time of year, occur in some lactating (Hinds & Tyndale-Biscoe, 1985) and in non-lactating animals (Gordon, 1986 ; K. Gordon, T. P. Fletcher, R. V. Short & M. B. Renfree, unpublished results). If these pulses are indeed crucial signals for the inhibition of reactivation, it is possible that removal of pouch young at a different time of the day, e.g. 20:00 h, could give up to 12 h variation in the required time for withdrawal of the sucking stimulus.
The results of this experiment clearly demonstrate that the sucking stimulus must be removed for at least 72 h for reactivation of the corpus luteum and blastocyst to become inevitable.
